An arabinan and the previously characterized arabinogalactan and acidic polysaccharide complex have been isolated by extraction of defatted and deproteinized soybean cotyledon meal with water. Methylation analysis involving gas chromatographymass spectrometry of methylated alditol acetates formed from the methylated arabinan has shown that the parent polysaccharlde is hlghly branched and of the same structural type as other arabinans associated with pectins. Methylated derivatives of mustard seed and lemon-peel arabinans and of soybean arabinogalactan have been similarly analyzed.
In previous studies (1, 2) an arabinogalactan and an acidic polysaccharide complex have been isolated from soybean cotyledon meal and the main structural features of these polysaccharides have been established. In parallel investigations Morita and co-workers (3) (4) (5) have obtained similar evidence for the structure of the arabinogalactan. Morita also reported (3) that this polysaccharide, which was isolated by extraction of the meal with hot water after removal of the protein with cold dilute alkali, was accompanied by an arabinan whose structure was not examined. Arabinans of the type which are associated with pectins may be of genuine natural occurrence, e.g. in white mustard seeds (6) (7) (8) , but polysaccharides containing a high proportion of arabinose residues in similar types of linkage, e.g. from sugar beet (9, 10) can also result from degradation during alkaline conditions of extraction. We have therefore re-examined the more readily soluble polysaccharides from soybean cotyledons isolated under the mildest possible conditions. Defatted soybean cotyledon meal was extracted with (i) phenolacetic acidwater (1 :1:1) (1 1) to remove protein and (ii) water at 85" to remove the more soluble polysaccharides. Further removal of protein from the aqueous extract followed by fractional precipitation and chromatography on diethylaminoethylcellulose afforded an arabinan, an arabinogalactan, which contained arabinose and galactose residues in the proportions of 1:2.8, and an acidic poly-saccharide complex. Paper chromatography of the neutral and acidic oligosaccharides formed on partial acid hydrolysis and acetolysis of the acidic polysaccharide complex showed that this preparation was at least qualitatively similar to the previously studied sample (1, 2) which had been extracted under harsher conditions. Likewise gas chromatography of the methyl glycosides formed on methanolysis of the methylated arabinogalactan showed that the parent polysaccharide was qualitatively similar to that studied previously by Morita and co-workers (3) (4) (5) and by ourselves (1, 2) .
Evidence for the structure of the arabinan was obtained by methylation analysis. Methanolysis of the methylated arabinan gave components with the retention times of methyl glycosides of 2,3,5-tri-and 2,3-di-0-methylarabinose. Although no methyl glycosides of a mono-0methylarabinose were detected by g.l.c., paper chromatography of the hydrolysate of the methylated polysaccharide showed the presence of 2,3,5-tri-, 2,3,-di-, and 2-0-methylarabinose in approximately equimolar proportions together with traces of 3-0-methylarabinose and the unsubstituted sugar. These results therefore indicate that the arabinan is a highly branched polysaccharide containing 1 +-3-and 1 +-5linked arabinofuranose residues. Assuming that the constituent sugar is the L-enantiomer commonly found in plant polysaccharides, the highly negative specific optical rotations of the parent polysaccharide ([a],-108") and the Can. J. Chem. Downloaded from www.nrcresearchpress.com by 52.11.211.149 on 10/11/19
For personal use only. as a mlnor component (<20%) of the fraction was indicated by the appearance of a primary peak r n /~ 145 in the mass spectrum. methylated derivative ([a],-130") suggest that the majority, at least, of the sugar residues are those of a-L-arabinofuranose.
In view of our failure to detect methyl glycosides of 2-0-methylarabinose in the methanolysate from the methylated arabinan (presumably because of irreversible adsorption on the column) additional evidence for the identities of the sugars formed on hydrolysis of the methylated L-arabinofuranose residues as sidechains with every fourth or fifth P-D-galactopyranose residue carrying on the average two such residues in disaccharide units. The present arabinogalactan preparation contained a slightly lower ratio (1 :2.8) of arabinose to galactose residues. The absence of mono-0-methylarabinose as a cleavage product from the methylated polysaccharide indicated the absence of branching polysaccharide was obtained by examination of through arabinose residues. The evidence on this the products of reduction with sodium boro-point has now been re-assessed by examination hydride and subsequent acetylation. The iden-by combined g.1.c. -mass spectrometry of the tities of the major components of the mixture of methylated alditol acetates were established by combined g.1.c. -mass spectrometry (12) and by comparison with the components in a similar mixture derived from the previously characterized methylated mustard seed arabinan (6, 7) . The presence of 3-0-methylarabinitol tetraacetate as a minor component of the mixture derived from the soybean arabinan was indicated by the appearance of a primary fragment mle 189 in the mixture of methylated alditol acetates formed from the methylated arabinogalactan (see Table 1 ). The rather lower ratio (1 :4) of arabinose to galactose residues in the methylated polysaccharide than in the parent polysaccharide (1 :2.8) may be explained if some contaminating arabinose in the original preparation had been lost during the methylation. Insofar as the present results again failed to provide any -indication for branching through arabinose residues mass spectrum (12) . The cleavage products from in the polysaccharide, the evidence requires that methylated lemon-peel arabinan (13) were also the main component of the polysaccharide prepexamined by this procedure. The quantitative aration is a true arabinogalactan. results are summarked in Table 1 . he soybean arabinan is clearly of the same general type as Experimental other arabinans associated with pectins. The For personal use only.
were injected into column c in a Pye 104 chromatograph attached to an A.E.I. MS 12 mass spectrometer. The mass spectra were recorded at an inlet temperature of 200°, ionization potential of 70 eV, and a temperature of the ion source of ca. 150". Electrophoresis of polysaccharide solutions (1 %) were performed in 0.05 M sodium tetraborate buffer at p H 9.25, using a Tiselius type, Spinco Model H apparatus with Schlieren optics, and currents of 13 mA were maintained. Galacturonic acid contents were determined by a modified carbazolesulfuric acid procedure (14) . Protein was determined with the Folin phenol reagent (15) . Optical rotations were measured on a Perkin-Elmer model 141 polarimeter at ca. 22" and, unless otherwise stated, were for aqueous solutions.
Extraction of Soybean Cotyledons and Fractionation of
Polysaccharides Soybean cotyledons (Lindarin variety, 1.5 kg) were extracted with boiling light petroleum (b.p. 60-80") for 2 days, dried, and ground to a flour, and the flour was further extracted with boiling light petroleum for 2 days and then with boiling ethanol-water (4:l) for 2 days to remove coloring matter and soluble sugars (glucose, fructose, sucrose, raffinose, and higher oligosaccharides). Cotyledon meal (I kg) was stirred for 2 days in phenol (6 kg), acetic acid (6 I), and water (6 1). The swollen meal was separated from the viscous supernatant liquid by highspeed centrifugation, and extraction of the resulting meal was repeated three times. The swollen residue was suspended in ethanol for several hours, the operation was repeated, and the deproteinized meal (440 g) was dried after further washing with ether. The combined extracts were dialyzed to remove phenol and acetic acid, and a portion of the resulting solution was hydrolyzed to give only traces of galactose and mannose.
Deproteinized meal (440 g) was stirred vigorously in water (4 1) for 3 h at 85'. Residual meal was removed by centrifugation and the extraction was repeated. The combined aqueous extracts were concentrated and freezedried to give crude polysaccharide extract (25 g) (found: total carbohydrate (as galactan by the phenolsulfuric acid method (16)), 50; uronic acid residues, 12; protein, 25%), which gave on hydrolysis galacturonic acid, galactose, arabinose, and traces of glucose, xylose, fucose, and rhamnose. The crude polysaccharide extract in water (1300 ml) was shaken for 1 h with chloroform (325 ml) and amyl alcohol (65 ml). The chloroform layer and the emulsion which formed at the interface were separated, and the aqueous layer was poured into ethanol (1.5 volume) to give fraction 1 (1 1.8 g), [a] , + 49.4" (c, 0.26) (found: uronic acid residues, 15; protein, 2 7 3 , which gave on hydrolysis galacturonic acid, galactose, arabinose, xylose, fucose, and rhamnose. The supernatant liquid was then concentrated and poured into ethanol (5 volumes) to give a precipitate which was dissolved in water and freeze-dried to give fraction 2 (arabinan, 4.9 g), [a],-108" (c, 0.33), which gave on hydrolysis arabinose as the main sugar with small amounts ( < 5 %) of galactose and rhamnose, and traces of 2-0-methylxylose and 2-0methylfucose. Electrophoresis showed the presence of a single component of mobility p = 2.3 x 10-5cm2V-'s-'.
Polysaccharide fraction 1 (1 1 g) was chromatographed on diethylaminoethylcellulose (acetate form, 150 g) and elution with 0.04 M potassium acetate (10 1) and a gradient of 0.04-0.30 M potassium acetate (8 1) gave polysaccharide fractions la and b. Fraction l a was brought to p H 5 by the addition of acetic acid, concentrated (to 600 ml) and poured into ethanol (2 volumes). The precipitate was washed with ethanol-water (4:1), dissolved in water, and freeze-dried to give arabinogalactan (4.1 g), [a] , + 51" (c, 0.84), hydrolysis of which gave galactose, arabinose, and traces of glucose, xylose, fucose, and rhamnose. Quantitative analysis (17) of the hydrolysate showed the presence of arabinose and galactose in the proportions of 1 :2.8. Electrophoresis showed the presence of a major component of mobility p = 2.0 x cm2 V-' s-' with only traces of a fastermoving component. Fraction 16 was treated similarly and afforded acidic polysaccharide complex (4g),
[a], + 57" (found: uronic acid residues, 24; OMe, 2%), hydrolysis of which gave galacturonic acid, galactose, arabinose, xylose, fucose, and rhamnose. Electrophoresis showed the presence of two components of mobility p = 3.0 and 5.0 x cm2 V-' s-'.
Arabiizat~
Arabinan (290 mg) was methylated with methyl iodide and sodium hydride in dimethylsulfoxide as described by Sandford and Conrad (1 8), and gave methylated arabinan (240 mg), [a],-130" (c, 1.69 CHCI,) (found: OMe, 37.9%). A sample of the methylated polysaccharide was methanolyzed and g.1.c. on columns a and b showed components with the retention times of methyl glycosides of 2,3,5-tri-and 2,3-di-0-methylarabinose as major components. Although no methyl glycosides of 2-0-methylarabinose were detected, paper chromatography of the hydrolysate from the methylated arabinan showed the presence of 2,3,5-tri-, 2,3-di-, and 2-0-methylarabinose as major components, with smaller amounts of arabinose and 3-0-methylarabinose. Arabinan (20 mg) was oxidized in aqueous 1 % sodium metaperiodate (3 ml) and aliquot portions (40 p1) were withdrawn every 2 h, diluted ( x 500), and examined spectrophotometrically (19) . The results indicated that oxidation was complete after 12 h with the consumption of 0.69 mol of reagent per sugar residue. Excess of periodate was destroyed by the addition of ethylene glycol, and the solution was dialyzed, and sodium borohydride was added. After 18 h, the solution was treated with Amberlite resin IR-I2O(H) to remove sodium ions and repeated distillations with methanol removed boric acid as methyl borate leaving a residue which gave arabinose on hydrolysis.
Arabb~ogalactan
Arabinogalactan (240 mg) was methylated with methyl iodide and sodium hydride in dimethylsulfoxide (18) to give methylated arabinogalactan (160 mg), [a],-17" (c, 0.69 CHC1,) (found: OMe, 41.1 %). A sample of the methylated polysaccharide was methanolyzed and g.1.c. showed the presence of components with the retention times of methyl glycosides of 2,3,4-and 2,3,5-tri-, and 2,3-di-0-methylarabinose, and 2,3,4,6-tetra-, 2,3,6-tri-, and 2,6-di-0-methylgalactose. N o accurate quantitative estimation could be made due to incomplete resolution of all peaks; however, in connection with the data recorded in Table 1 , the relative peak heights indicated that methyl glycosides of 2,3,4,6-tetra-0-methylgalactose and Can. J. Chem. Downloaded from www.nrcresearchpress.com by 52.11.211.149 on 10/11/19
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2,3-di-0-methylarabinose were present in the approximate proportion of 1 :4. Paper chromatography of the hydrolysate from the methylated polysaccharide showed the presence of the above-mentioned but no additional sugars.
Gas-liquid Chromatography -Mass Spectrometry of
Methylated Alditol Acetates froin Met/zylated Polysaccharides Samples of the following methylated polysaccharides were examined: methylated soybean arabinan, methylated soybean arabinogalactan, methylated lemon-peel arabinan (13) , and methylated mustard seed arabinan. The latter methylated polysaccharide was prepared as described by Hirst et al. (6) . Methylated polysaccharide (10 mg) was hydrolyzed by heating overnight on a boiling-water bath in aqueous 45% formic acid. The cooled hydrolysate was neutralized to p H 8 by the addition of concentrated ammonia. Sodium borohydride (75 mg) was added, the solution was kept at room temperature for 4 h, and a further quantity of sodium borohydride was added. The solution was left for 16 h, checked for completeness of reduction with the phenol sulfuric acid reagent (16) , and passed through a column of Amberlite resin IR-120(H). The eluate and washings were concentrated to dryness, boric acid was removed by repeated evaporation with methanol, and the residue was acetylated with acetic anhydride (1 ml) and pyridine (1 ml) overnight. Water was added to the reaction mixture which was then concentrated to small volume and co-distilled several times with chloroform. The residue was dissolved in chloroform for g.1.c. -mass spectrometry. The proportions of methylated alditol acetates were estimated from the peak areas on the gas chromatograms and the results are summarized in Table 1 .
The identities of most of the acetylated alditol acetates were established by ( i ) comparison of their retention times with those of the previously characterized products from methylated mustard seed arabinan (6, 7) or of known standards, and (ii) the appearance in the mass spectra of fragment ions having intensities of more than 10% of the base peak as reported by Bjorndal et al. (12) . In all cases primary fragment ions, which were characteristic of the various substitution patterns, were detected. Although no standard for 3-0-methylarabinitol tetraacetate was available, the appearance of a primary fragment ion nrle 189 left little doubt as to the identity of this component. In examining the partially methylated CHEMISTRY. VOL. 49, 1971 alditol acetates from methylated soybean arabinogalactan some tailing of the g.1.c. peak of the major component, 2,3,6-tri-0-methylgalactitol triacetate, was observed. Since the following component, 2,6-di-0-methylgalactitol tetraacetate, may have been cor~taminated by the trimethyl ether and gives no unique additional fragment ions in the mass spectrum, the assignment of structure to this component is also based on the absence of primary fragments which could have arisen from isomeric dimethyl ethers.
